Searching PAJ 



1/1 s<—V 



PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 2000-340795 
(43)Date of publication of application : 08.12.2000 

(51)Int.CI. H01L 29/786 

H03K 19/0944 
H03K 19/20 

(21 Application number : 11-146940 (71)Applicant : SONY CORP 

(22)Date of filing : 26.05.1 999 (72)Inventor : MIYAZAWA YOSHIHIRO 

(54) SEMICONDUCTOR LOGIC ELEMENT AND LOGIC CIRCUIT USING THE SAME 

(57)Abstract: 
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front-side gate electrode 7 formed at a location which is on a 
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second back-side gate electrode 5. While leaving a resist 
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turned on, when one of first and second input signals is high, 
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* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The semi-conductor layer supported by the substrate, and the source and the drain which separated 
mutually and were formed in the semi-conductor layer concerned, It is the semi-conductor logical element 
which has the 1st and 2nd gates which are formed in the field of the both sides of the thickness direction for 
the semi-conductor layer located between the source concerned and a drain through an insulator layer, 
respectively, and counter mutually. The threshold of the 2nd gate of the above where the threshold and the 
2nd input signal of the 1 st gate of the above with which the 1 st input signal is impressed are impressed The 
semi-conductor logical element set up so that the semi-conductor logical element concerned flows when at 
least one side of the 1 st and 2nd input signals is high-level, and the semi-conductor logical element concerned 
may be un-flowing, when both input signals are low level. 

[Claim 2] One threshold of the 1 st or 2nd gate of the above is a semi-conductor logical element according to 
claim 1 set up so that it may become 1/3 or less [ of supply voltage ], when the signal inputted into the gate 
of another side takes a low level. 

[Claim 3] The semi-conductor layer supported by the substrate, and the source and the drain which separated 
mutually and were formed in the semi-conductor layer concerned, It is the semi-conductor logical element 
which has the 1st and 2nd gates which are formed in the field of the both sides of the thickness direction for 
the semi-conductor layer located between the source concerned and a drain through an insulator layer, 
respectively, and counter mutually. The threshold of the 2nd gate of the above where the threshold and the 
2nd input signal of the 1st gate of the above with which the 1st input signal is impressed are impressed The 
semi-conductor logical element set up so that the semi-conductor logical element concerned flows when the 
both sides of the 1st and 2nd input signals are high-level, and the semi-conductor logical element concerned 
may be un-flowing, when one [ at least ] input signal is a low level. 

[Claim 4] When the threshold of the 1st gate of the above is higher than the high level of the 1st input signal 
when the potential of the 2nd gate of the above is below the threshold of the 2nd gate concerned, and the 2nd 
input signal has the high-level potential of the 2nd gate of the above When the threshold of the 1st gate of the 
above is higher than the low level of the 1st input signal and the potential of the 1st gate of the above is the 
low level of the 1 st input signal It is the semi-conductor logical element according to claim 3 whose threshold 
of the 2nd gate of the above is 1/3 or less [ of supply voltage ] when the threshold of the 2nd gate of the 
above is higher than the high level of the 2nd input signal and the 1st input signal has the high-level potential 
of the 1 st gate of the above. 

[Claim 5] The semi-conductor layer supported by the substrate, and the source and the drain which separated 
mutually and were formed in the semi-conductor layer concerned, It is the semi-conductor logical element 
which has the 1st and 2nd gates which are formed in the field of the both sides of the thickness direction for 
the semi-conductor layer located between the source concerned and a drain through an insulator layer, 
respectively, and counter mutually. The threshold of the 2nd gate of the above where the threshold and the 
2nd input signal of the 1st gate of the above with which the 1st input signal is impressed are impressed The 
semi-conductor logical element set up so that the semi-conductor logical element concerned flows, and the 
semi-conductor logical element concerned may be un-flowing when both input signals are high-level when at 
least one side of the 1st and 2nd input signals is a low level. 

[Claim 6] One threshold of the 1st or 2nd gate of the above is a semi-conductor logical element according to 
claim 5 set up so that it may become 1/3 or less [ of supply voltage ], when the signal inputted into the gate 
of another side takes high level. 

[Claim 7] The semi-conductor layer supported by the substrate, and the source and the drain which separated 
mutually and were formed in the semi-conductor layer concerned, It is the semi-conductor logical element 
which has the 1st and 2nd gates which are formed in the field of the both sides of the thickness direction for 
the semi-conductor layer located between the source concerned and a drain through an insulator layer, 
respectively, and counter mutually. The threshold of the 2nd gate of the above where the threshold and the 
2nd input signal of the 1st gate of the above with which the 1st input signal is impressed are impressed The 
semi-conductor logical element set up so that the semi-conductor logical element concerned flows, and the 
semi-conductor logical element concerned may be un-flowing when one [ at least ] input signal is high-level 
when the both sides of the 1st and 2nd input signals are a low level. 

[Claim 8] When the threshold of the 1st gate of the above is lower than the low level of the 1st input signal 
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when the potential of the 2nd gate of the above is more than the threshold of the 2nd gate concerned, and the 
potential of the 2nd gate of the above is the low level of the 2nd input signal When the threshold of the 1 st 
gate of the above is lower than the high level of the 1 st input signal and the 1 st input signal has the high-level 
potential of the 1st gate of the above For the threshold of the 2nd gate of the above, the threshold of the 2nd 
gate of the above is a semi-conductor logical element [ higher than one third of supply voltage ] according to 
claim 7, when it is lower than the low level of the 2nd input signal and the potential of the 1 st gate of the 
above is the low level of the 1st input signal. 

[Claim 9] The semi-conductor layer supported by the substrate, and the source and the drain which separated 
mutually and were formed in the semi-conductor layer concerned. It has the semi-conductor logical element 
which has the 1st and 2nd gates which are formed in the field of the both sides of the thickness direction for 
the semi-conductor layer located between the source concerned and a drain through an insulator layer, 
respectively, and counter mutually. The logical circuit where the 1st and 2nd gates of the above of the above- 
mentioned semi-conductor logical element are connected to the signal input terminal, respectively. 
[Claim 10] The threshold of the 2nd gate of the above where the threshold and the 2nd input signal of the 1st 
gate of the above with which the 1st input signal is impressed are impressed is a logical circuit according to 
claim 9 set up so that the semi-conductor logical element concerned flows when at least one side of the 1st 
and 2nd input signals is high-level, and the semi-conductor logical element concerned may be un-flowing, 
when both input signals are low level. 

[Claim 1 1] The threshold of the 2nd gate of the above where the threshold and the 2nd input signal of the 1st 
gate of the above with which the 1 st input signal is impressed are impressed is a logical circuit according to 
claim 9 set up so that the semi-conductor logical element concerned flows when the both sides of the 1st and 
2nd input signals are high-level, and the semi-conductor logical element concerned may be un-flowing, when 
one [ at least ] input signal is a low level. 

[Claim 12] The threshold of the 2nd gate of the above where the threshold and the 2nd input signal of the 1st 
gate of the above with which the 1st input signal is impressed are impressed is a logical circuit according to 
claim 9 set up so that the semi-conductor logical element concerned flows, and the semi-conductor logical 
element concerned may be un-flowing when both input signals are high-level when at least one side of the 1st 
and 2nd input signals is a low level. 

[Claim 13] The threshold of the 2nd gate of the above where the threshold and the 2nd input signal of the 1st 
gate of the above with which the 1 st input signal is impressed are impressed is a logical circuit according to 
claim 9 set up so that the semi-conductor logical element concerned flows, and the semi-conductor logical 
element concerned may be un-flowing when one [ at least ] input signal is high-level when the both sides of 
the 1 st and 2nd input signals are a low level. 

[Claim 14] The above-mentioned semi-conductor logical element is a logical circuit according to claim 9 which 
constitutes the arithmetic circuit of an OR independently. 

[Claim 15] The above-mentioned semi-conductor logical element is a logical circuit according to claim 9 which 
constitutes the arithmetic circuit of an AND independently. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semi-conductor logical element in which the operation of 

an OR and an AND is possible, and the logical circuit using this with a single component. 

[0002] 

[Description of the Prior Art] Conventionally, the single gate (single gate) MOSFET constituted the unit logical 
circuit (logic-gate circuit). 

[0003] For example, the NOR-gate circuit shown in drawi ng 1 1 (B) consisted of two single gate PMOS 
transistors Mp1 and Mp2 and two single gate NMOS transistors Mn1 and Mn2. That is, the series connection of 
the PMOS transistors Mp1 and Mp2 of each other is carried out to the supply line of predetermined bias 
voltage +VB, and the NMOS transistors Mn1 and Mn2 of each other are connected to juxtaposition between 
the PMOS transistor Mp2 and touch-down potential. Common connection of the gate of the PMOS transistor 
Mp1 and the NMOS transistor Mn 1 is made, common connection of the gate of nothing, the PMOS transistor 
Mp2, and the NMOS transistor Mn 2 is made in the 1st input terminal, and the 2nd input terminal is made. The 
output is taken out from the drain of the PMOS transistor Mp2. 

[0004] Moreover, the NAND gate circuit shown in drawing 12 (B) consisted of two single gate PMOS 
transistors Mp1 and Mp2 and two single gate NMOS transistors Mn1 and Mn2. That is, the series connection of 
the NMOS transistors Mn2 and Mn1 of each other is carried out to a touch-down potential line, and the PMOS 
transistors Mp1 and Mp2 of each other are connected to juxtaposition between the NMOS transistor Mn 1 and 
the supply line of predetermined bias voltage +VB. Common connection of the gate of the PMOS transistor 
Mp1 and the NMOS transistor Mn 1 is made, common connection of the gate of nothing, the PMOS transistor 
Mp2, and the NMOS transistor Mn 2 is made in the 1st input terminal, and the 2nd input terminal is made. The 
output is taken out from the drain of the NMOS transistor Mn 1. 

[0005] By the way, the so-called dual gate (dual gate) The semiconductor device of the structure where two 
gate electrodes were made to counter the thickness direction both sides of the SOI (Silicon On Insulator, or, 
Semiconductor On Insulator) layer by which dielectric isolation was carried out to the support substrate as a 
kind of an MOS transistor through gate dielectric film, respectively is known. This semiconductor device is an 
adjustable threshold element which can change the threshold of the gate electrode by the side of the front 
face which countered (front gate) according to the potential of the gate electrode by the side of the support 
substrate embedded at the insulating layer (backgate). 

[0006] When this adjustable threshold element is applied to a logical circuit, it may be inserted between the 
supply lines of a logical circuit block, supply voltage, or touch-down potential, and may be used. In this case, it 
is used as a highly efficient switching element for current supply which makes a threshold low at the time of a 
flow, heightens current drive capacity, makes a threshold high at the time of un-flowing, and can reduce off 
leakage current. Moreover, by replacing each single gate MOS transistor shown in drawing 1 1 (B) or drawing 12 
(B), even when used for the logical circuit itself, it was used in order to aim at coexistence with improvement 
in the current drive capacity at the time of actuation, and the leakage current reduction at the time of a cut- 
off. 

[0007] 

[Problem(s) to be Solved by the Invention] However, although there was an advantage to which the engine 
performance of this conventional adjustable threshold element of the component itself improves, since it was 
not avoided, the advantage of applying to a logical circuit was not so large [ that a manufacture process 
becomes complicated ]. 

[0008] This invention proposes how to the new logical circuit of an adjustable threshold element to use, and, in 
addition to the improvement in the engine performance, aims at aiming at reduction of the element number of 
a logical circuit, and contraction of circuit area by this. 
[0009] 

[Means for Solving the Problem] As for the semi-conductor logical element concerning the 1st viewpoint of 
this invention, a channel conductivity type is suitably applied to an OR (OR) gate circuit etc. as a component 
of n mold. Namely, the semi-conductor layer supported by the substrate, and the source and the drain which 
separated mutually and were formed in the semi-conductor layer concerned, It is the semi-conductor logical 
element which has the 1st and 2nd gates which are formed in the field of the both sides of the thickness 
direction for the semi-conductor layer located between the source concerned and a drain through an insulator 
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layer, respectively, and counter mutually. The threshold of the 2nd gate of the above where the threshold and 
the 2nd input signal of the 1st gate of the above with which the 1st input signal is impressed are impressed It 
is set up so that the semi-conductor logical element concerned flows when at least one side of the 1st and 
2nd input signals is high-level, and the semi-conductor logical element concerned may be un-flowing, when 
both input signals are low level. Suitably, when the signal inputted into the gate of another side takes a low 
level, one threshold of the 1st or 2nd gate of the above is set up so that it may become 1/3 or less [ of supply 
voltage ]. 

[0010] As for the semi-conductor logical element concerning the 2nd viewpoint of this invention, a channel 
conductivity type is suitably applied to an AND (AND) gate circuit etc. as a component of n mold. Namely, the 
semi-conductor layer supported by the substrate, and the source and the drain which separated mutually and 
were formed in the semi-conductor layer concerned. It is the semi-conductor logical element which has the 
1 st and 2nd gates which are formed in the field of the both sides of the thickness direction for the semi- 
conductor layer located between the source concerned and a drain through an insulator layer, respectively, 
and counter mutually. The threshold of the 2nd gate of the above where the threshold and the 2nd input signal 
of the 1st gate of the above with which the 1st input signal is impressed are impressed It is set up so that the 
semi-conductor logical element concerned flows when the both sides of the 1st and 2nd input signals are 
high-level, and the semi-conductor logical element concerned may be un-flowing, when one [ at least ] input 
signal is a low level. Suitably, when the potential of the 2nd gate of the above is below the threshold of the 2nd 
gate concerned When the threshold of the 1st gate of the above is higher than the high level of the 1st input 
signal and the 2nd input signal has the high-level potential of the 2nd gate of the above When the threshold of 
the 1st gate of the above is higher than the low level of the 1st input signal and the potential of the 1st gate 
of the above is the low level of the 1st input signal When the threshold of the 2nd gate of the above is higher 
than the high level of the 2nd input signal and the 1 st input signal has the high-level potential of the 1 st gate 
of the above, the threshold of the 2nd gate of the above is 1/3 or less [ of supply voltage ]. 
[0011] As for the semi-conductor logical element concerning the 3rd viewpoint of this invention, a channel 
conductivity type is suitably applied to an OR (OR) gate circuit etc. as a component of p mold. Namely, the 
semi-conductor layer supported by the substrate, and the source and the drain which separated mutually and 
were formed in the semi-conductor layer concerned. It is the semi-conductor logical element which has the 
1 st and 2nd gates which are formed in the field of the both sides of the thickness direction for the semi- 
conductor layer located between the source concerned and a drain through an insulator layer, respectively, 
and counter mutually. The threshold of the 2nd gate of the above where the threshold and the 2nd input signal 
of the 1st gate of the above with which the 1st input signal is impressed are impressed When at least one side 
of the 1st and 2nd input signals is a low level, it is set up so that the semi-conductor logical element 
concerned flows, and the semi-conductor logical element concerned may be un-flowing, when both input 
signals are high-level. Suitably, when the signal inputted into the gate of another side takes high level, one 
threshold of the 1st or 2nd gate of the above is set up so that it may become 1/3 or less [ of supply voltage ]. 

[0012] As for the semi-conductor logical element concerning the 4th viewpoint of this invention, a channel 
conductivity type is suitably applied to an AND (AND) gate circuit etc. as a component of p mold. Namely, the 
semi-conductor layer supported by the substrate, and the source and the drain which separated mutually and 
were formed in the semi-conductor layer concerned, It is the semi-conductor logical element which has the 
1st and 2nd gates which are formed in the field of the both sides of the thickness direction for the semi- 
conductor layer located between the source concerned and a drain through an insulator layer, respectively, 
and counter mutually. The threshold of the 2nd gate of the above where the threshold and the 2nd input signal 
of the 1st gate of the above with which the 1st input signal is impressed are impressed When the both sides of 
the 1st and 2nd input signals are a low level, it is set up so that the semi-conductor logical element concerned 
flows, and the semi-conductor logical element concerned may be un-flowing, when one [ at least ] input signal 
is high-level. Suitably, when the potential of the 2nd gate of the above is more than the threshold of the 2nd 
gate concerned When the threshold of the 1st gate of the above is lower than the low level of the 1st input 
signal and the potential of the 2nd gate of the above is the low level of the 2nd input signal When the threshold 
of the 1st gate of the above is lower than the high level of the 1st input signal and the 1st input signal has the 
high-level potential of the 1 st gate of the above The threshold of the 2nd gate of the above is lower than the 
low level of the 2nd input signal, and when the potential of the 1 st gate of the above is the low level of the 1 st 
input signal, the threshold of the 2nd gate of the above is higher than one third of supply voltage. 
[001 3] In the semi-conductor logical element concerning said 1 st and 3rd viewpoints, only when both the input 
signals impressed to both gates are inactive level so that the threshold of said 1st and 2nd gates may become 
the same and, the structure parameter is set up so that a component may not flow. Therefore, the OR-gate 
circuit considered as two inputs can constitute the 1 st and 2nd gates from an independent component. 
Moreover, a threshold falls at the time of a flow, current drive capacity improves, a threshold improves at the 
time of un-flowing, and off leakage current is reduced. 

[0014] In the semi-conductor logical element concerning the 2nd and the 3rd, the structure parameter is set 
up so that a component does not flow only by the change width of face of the threshold of said 1st and 2nd 
gates having differed, and impressing the activity level of an input signal to gate of one of the two, but it may 
flow, only when both gates are activity level. [ said ] Therefore, the AND-gate circuit considered as two inputs 
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can constitute the 1 st and 2nd gates from an independent component. Moreover, a threshold falls at the time 
of a flow, current drive capacity improves, a threshold improves at the time of un-flowing, and off leakage 
current is reduced. 

[0015] The source and the drain which left the logical circuit concerning this invention mutually in the semi- 
conductor layer supported by the substrate and the semi-conductor layer concerned, and were formed, It has 
the semi-conductor logical element which has the 1st and 2nd gates which are formed in the field of the both 
sides of the thickness direction for the semi-conductor layer located between the source concerned and a 
drain through an insulator layer, respectively, and counter mutually. The 1st and 2nd gates of the above of the 
above-mentioned semi-conductor logical element are connected to the signal input terminal, respectively. 
Suitably, the above-mentioned semi-conductor logical element is in any of the semi-conductor logical element 
of four viewpoints mentioned above. 
[0016] 

[Embodiment of the Invention] Drawing 1 is drawing showing the circuit notation of the semi-conductor logical 
element concerning the operation gestalt of this invention. The semi-conductor logical element concerning this 
operation gestalt is the dual gate (dual gate) which has the two gates, and the common source and a common 
drain. It is the insulated-gate field-effect transistor of a mold. The conductivity type of a channel of the semi- 
conductor logical elements NMOS1 and NMOS3 shown in drawing 1 (A) and (C) is an n mold. Moreover, the 
conductivity type of a channel of the semi-conductor logical elements PMOS2 and PMOS4 shown in drawing 1 
(B) and (D) is a p mold. 

[0017] Among these, the semi-conductor logical elements NMOS1 and PMOS2 shown in drawing 1 (A) and (B) 
are with the case where one [ ** and ] gate is used as a control terminal, and the case where the gate of 
another side is used as a control terminal, have a threshold and a property with the symmetrical method of the 
change, and call them "the logical element of a symmetry mold" hereafter. This operation gestalt constitutes 
the OR gate for calculating an OR from this symmetry type of one logical element. 

[0018] On the other hand, the semi-conductor logical elements NMOS2 and PMOS4 shown in drawing 1 (C) 
and (D) are with the case where one gate is used as a control terminal, and the case where the gate of 
another side is used as a control terminal, have a threshold and a property with the unsymmetrical method of 
the change, and call them "the logical element of an asymmetrical type" hereafter. With this operation gestalt, 
although mentioned later for details, this asymmetry is realized by preparing a thickness difference in the gate 
dielectric film which intervenes between two gate electrodes and semi-conductor barrier layers. On a circuit 
notation, gate dielectric film attached the slash to the thicker side, and it has distinguished from the logical 
element of a symmetry mold. This operation gestalt constitutes the AND gate for calculating an AND from one 
logical element of this asymmetrical type. 

[0019] A sectional view shows the structure of the semi-conductor logical element concerning this operation 
gestalt by making the logical element of an asymmetrical type into an example at dra w ing 2 . Although 
especially the insulating layer 2 does not illustrate in the logical element 1 shown in drawing 2 , it is formed 
through the glue line on the support substrate. On the insulating layer 2, the semi-conductor barrier layer 4 is 
formed through rear-face gate dielectric film 3. The semi-conductor barrier layer 4 consists of single crystal 
silicon whose thickness is about 25nm, and the impurity which has a conductivity type contrary to a channel 
conductivity type is comparatively introduced into low concentration. The rear-face gate electrode 5 is 
embedded in the insulating layer 2. Moreover, the surface gate electrode 7 is formed in the front-face side of 
the semi-conductor barrier layer 4 through surface gate dielectric film 6. The rear-face gate electrode 5 and 
the surface gate electrode 7 are doped polysilicon (doped polycrystalline silicon). Or it consisted of doped 
metal silicide (doped metal silicide), and has countered mutually through the semi-conductor barrier layer 4 
and gate dielectric film 3 and 6. Gate dielectric film 3 and 6 consists of silicon oxide or nitriding silicon oxide. 
The thickness of about 10nm and surface gate dielectric film 6 of the thickness of rear-face gate dielectric 
film 3 is about 5nm. 

[0020] The impurity of the same conductivity type as a channel is introduced into high concentration in 
comparison, and, thereby, source impurity range 4a and drain impurity range 4b are formed in the semi- 
conductor barrier layer part outside the gate electrodes 5 and 7. The source terminal or the drain terminal is 
pulled out on component external surface from these source drain impurity ranges 4a and 4b by the 
conductive layer which is not illustrated, respectively. Moreover, the 1st signal input terminal is pulled out for 
the 2nd input signal terminal on component external surface from the surface gate electrode 7 from the rear- 
face gate electrode 5, respectively. 

[0021] Drawing 3 - drawing 9 are the sectional views in the manufacture process of a semi-conductor logical 
element. In dra wing 3 , heights 10a which becomes a semi-conductor barrier layer about this later by etching 
the front face of the ground substrate 10 into a mask (for example, RIE (Reactive Ion Etching)) is formed by 
preparing the ground substrate 10 which consists of a single crystal silicon wafer etc., and forming a resist 
pattern R1 on it. The level difference of heights 10a is set to about 25nm. 

[0022] In drawing 4 , about 10nm of rear-face gate dielectric film 3 which consists of silicon oxide is formed in 
the front face of the field in which heights 10a of the ground substrate 10 was formed by the oxidizing 
[ thermally ] method after removing a resist pattern R1. This thermal oxidation uses the vertical mold oxidation 
furnace of ordinary pressure, and is introductory gas H2. : It carries out on 950-degree C conditions whenever 
[ 02 =1:1 and furnace temperature ]. 
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[0023] In drawing 5 , the doped polysilicon used as a rear-face gate electrode or about 150nm (doped WSiX) of 
doped tungsten silicide are deposited. The resist pattern which is not illustrated on the film used as this rear- 
face gate electrode is formed, and the substrate film is etched into a mask for this (for example. RIE). 
Thereby, the rear-face gate electrode 5 is formed through rear-face gate dielectric film 3 on heights 10a of 
the ground substrate 10. 

[0024] In drawing 6 , the insulating layer 2 which consists of silicon oxide is deposited comparatively thickly, 
and the rear-face gate electrode 5 is embedded into an insulating layer. Moreover, for example, polish recon is 
deposited on an insulating layer 2, and a glue line 1 1 is formed by grinding a front face. 

[0025] In drawing 7 , from the flattening side side of a glue line 11, the ground substrate 10 is made to rival the 
support substrate 20 which consists of a silicon wafer prepared beforehand, and is heat-treated. Heat 
treatment at this time is performed on condition that 1 100 degrees C and 60min within the electric furnace for 
example, in an oxygen ambient atmosphere. 

[0026] Thus, after performing edge grinding (edge grinding) to the formed lamination SOI substrate, further, 
from the rear-face side of the ground substrate 10, grinding is carried out and it grinds (for example, it carries 
out CMP (Chemical Mechanical Polishing).). In CMP, when rear-face gate dielectric film 3 expresses among 
heights 10a of the ground substrate 10, this functions as a stopper. Therefore, henceforth, polish will not not 
much progress and the terminal point of polish is detected. Heights 10a of the ground substrate 10 is mutually 
separated by this selection polish. Then, initial-complement installation of the predetermined impurity is 
carried out with ion-implantation to this separated heights 10a. When a PMOS transistor and an NMOS 
transistor are intermingled, it divides by a different ion kind striking by repeating resist pattern formation and 
an ion implantation twice at this time. Of subsequent activation annealing, as shown in drawing 8 , the semi- 
conductor barrier layer 4 is formed. 

[0027] In d rawing 9 , the front face of the semi-conductor barrier layer 4 is oxidized thermally, and surface 
gate dielectric film 6 with a thickness of about 5nm is formed. On surface gate dielectric film 6, the doped 
polysilicon used as a surface gate electrode or about 1 50nm of doped tungsten silicide are deposited. The 
resist pattern which is not illustrated on the film used as this surface gate electrode is formed, and the 
substrate film is etched into a mask for this (for example, RIE). Thereby, the surface gate electrode 7 is 
formed in the rear-face gate electrode 5 on surface gate dielectric film 6, and the location which counters. 
[0028] After performing an ion implantation, with the resist pattern left used as an etching mask of a surface 
gate electrode and introducing a predetermined impurity in the semi-conductor barrier layer 4 after that, 
activation annealing is performed and the source drain impurity ranges 4a and 4b shown in drawing 1 are 
formed. Moreover, about 500nm of protection oxide films which are not illustrated is deposited, for example, 
the conductive layer for an electrode drawer is formed suitably, and, thereby, the semi-conductor logical 
element 1 concerned is completed. 

[0029] In addition, this invention can apply the rear-face gate as shows an example of cross-section structure 
to drawing 10 also to the semiconductor device used as the so-called bulk mold. That is, in drawing 10 , the 
well 31 by which the pn junction was carried out to the semi-conductor substrate 30 is formed in a substrate 
front face, ohmic contact of the electrode 32 is carried out on a well 31, and the threshold of the transistor 
which uses the surface gate electrode 7 as a control electrode is controlled according to the electrical- 
potential-difference value of the input signal impressed to an electrode 32. Moreover, in the isolation 
construction of the SOI mold of drawing 2 , the source drain impurity ranges 4a and 4b are formed from the 
front face of the semi-conductor barrier layer 4 to the thickness middle, and it replaces with the rear-face 
gate electrode embedded in the insulating layer, and on the semi-conductor barrier layer 4, ohmic contact of 
the electrode may be carried out and this electrode may be used as 2nd signal input electrode. 
[0030] However, since the reactive current flows in the control electrode of these ohmic contact mold, and 
power consumption becomes large and a channel controllability is also inferior, the rear-face gate electrode 5 
of an insulated-gate mold like dra wi ng 2 as 2nd signal input electrode is desirable, moreover — although a 
partial depletion mold is also possible depending on component parameters, such as semi-conductor barrier 
layer thickness, even if it is the rear-face gate electrode 5 of an insulated-gate mold — a channel — direct 
and electric field — it is controllable and the perfect depletion mold which the thickness whole region of a 
semi-conductor barrier layer is depletion-ized [ mold ], and operates it at the point that a controllability is 
high is desirable. 

[0031] Below, setups, such as a threshold, are explained by making the logical element of a perfect depletion 
mold into an example. The threshold of dual gate MOS FET of a perfect depletion mold is expressed with a 
degree type (1) and (2). 
[0032] 
[Equation 1] 
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V, b = 0s- Vfb + — j— — {#.-(v*+ v™0 + jSS- + £L I 
Cox( -~ + ) Coxb 2Csi 

Csi Coxb 

= 0s-Vfb+ o^Tj+Toxb {0s-(V gb+ V FB b)+ +-gr ) .-.(1) 

[Equation 2] 

vawt-vran- ' U_. (v .+vrt) + ^- ) 

Coxbbr - + ^ ) Cox -2Csi 

Csi Cox 



^sb-VFBb+ ft33 3 T ^ b ToaE {0 sb -(V s+ VFB)-h-^- + } ... (2) 



[0033] Here, it is phis, phisb Surface potential and rear-face potential of a silicon barrier layer (semi- 
conductor barrier layer 4), VFB and VFBb Flat band voltage of the front face and rear face of a silicon barrier 
layer, Cox, Coxb, and Csi are the surface gate, respectively, the rear-face gate or capacity of a silicon barrier 
layer, Tox, Toxb, and Tsi, respectively Surface gate oxide (surface gate dielectric film 6), rear-face gate oxide 
(rear-face gate dielectric film 3), the thickness of a silicon barrier layer, Qsi is the amount of impurities in a 
silicon barrier layer, and Vg. Vgb is the applied voltage of a surface gate electrode and a rear-face gate 
electrode, and Vth and Vthb. The threshold of the surface channel MOSFET and the rear-face channel 
MOSFET is shown, respectively. 

[0034] Variation delta Vth of the threshold of the surface channel MOSFET to variation delta Vgb of the applied 

voltage from the above-mentioned formula (1) and a formula (2) to a rear-face gate electrode is variation 

deltaVg of the applied voltage to a surface gate electrode by the degree type (3). Receiving variation 

deltaVthb of the threshold of the rear-face channel MOSFET It is expressed by the degree type (4), 

respectively. 

[0035] 

[Equation 3] 

Tox 

AVlh = - 0.333T^T 0 , b aV "- - (3 > 

[Equation 4] 

AVthb = Toxb av* ••• (4) 

0.333Tsi + T O x g w 

[0036] By being able to set at a ceremony (4) and being [ come and ], the rate of a value change can be set at 
a ceremony (3), and it comes, it is, it sets to the rate of a value change, and they are the surface gate- 
dielectric-film thickness Tox and the rear-face gate-dielectric-film thickness Toxb. It is obtained by changing. 
Therefore, the logical element of a symmetry mold is realizable by making both gate-dielectric-film thickness 
the same. 

[0037] on the other hand — for example, the logical element for calculating an AND (AND) is unrealizable if 
both gate-dielectric-film thickness is the same. 

[0038] If the electrical-potential-difference value of the input signal impressed to the gate electrode of one 
MOSFET is the level which turns off a channel in order to realize the function of the AND gate using the 
logical element of an asymmetrical type, it is required not to always form a channel irrespective of the 
electrical-potential-difference value of the input signal for turning on and turning off the channel of MOSFET 
of another side. Therefore, it is necessary to make variation of the threshold of MOSFET larger enough than 
the variation of the threshold of MOSFET of another side to the gate applied voltage of one MOSFET as 
opposed to the gate applied voltage of MOSFET of another side. Consequently, it becomes requirements to 
set up more greatly the gate-dielectric-film thickness of MOSFET of another side which wants to enlarge 
variation of a threshold. In dual gate MOS FET 1 of the structure shown in drawing 2 , thin film-ization sets up 
more thickly the rear-face gate dielectric film 3 by the side of the difficult embedding gate under the effect of 
heating at the time of substrate lamination, and it is referred to as Toxb >Tox. 

[0039] When the high level of an input signal is set into supply voltage VDD and a low level is now set to 
touch-down potential 0V, the conditions of the threshold of the rear-face channel MOSFET are a degree type 
(5-1). It reaches (5-2). It is expressed. Moreover, the conditions of the threshold of the surface channel 
MOSFET are expressed with a degree type (5-3). 
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[0040] 
[Equation 5] 

VthbO > V D0 -(5-1) 

Vthb = (0. 2 — 0. 3) V DD -(&-2) 

at Vg =V DD 

Vth > V_ D -(5-3) 

[0041] Here, suffix "0 " shows that the applied voltage of the gate which counters is 0V. In addition, the 
above-mentioned formula (5-2) From a viewpoint of current drive capacity and off leakage current, the range 
where the threshold at the time of actuation of the rear~face channel MOSFET is the optimal is specified. 
[0042] Rear-face gate-dielectric-film thickness Toxb when 25nm and the surface gate-dielectric-film 
thickness Tox set [ the silicon barrier layer thickness Tsi ] to 5nm concretely hereafter And it asks for the 
optimal range of the initial threshold of the surface channel MOSFET. Rate of change [ in / the threshold rate 
of change of the rear-face channel MOSFET is now set to 0.7-0.8V, and / the above-mentioned formula (4) ] 
to rear-face gate-dielectric-film thickness Toxb If it asks, it will become like a degree type (6). 
[0043] 
[Equation 6] 

Toxb / (0. 3 3 3XTsi+Tox) 

= Toxb / (0. 3 3 3X2 5+5) 

= 0. 7-0. 8 

Toxb =9. 3—1 0. 7 - (6) 

2 Tox) 



[0044] This Toxb If a value is assigned to the rate of change in the above-mentioned formula (3), the range of 

the threshold rate of change of the surface channel MOSFET can be found like a degree type (7). 

[0045] 

[Equation 7] 

Tox/(0.333xTsi+Toxb) 

= 5/(8.325+10.7) - 5/(8.325+9.3) 

= 0.26-0.28 — (7) 

[0046] said formula (5-2) carried out And formula (5-3) if it uses, relational expression will obtain about the 
threshold Vth of the surface channel MOSFET — having — this — initial threshold VthO ******** — if it 
collects, a degree type (8) can be found. 
[0047] 
[Equation 8] 

Vth=Vth0-(0.26-0.28) x(0.2-0.3) xVDD>VDD =VthO-(0.052-0.084) xVDD>VDD VthO X1.06-1.09) xVDD — (8) 
[0048] Gate-dielectric-film thickness and silicon barrier layer thickness are collectively shown in Table 1 
about the logical element of a symmetry mold and an asymmetrical type, moreover, the high impurity 
concentration of the silicon barrier layer in which a channel is formed — a p channel mold and an n channel 
mold — 5x1014-/cm3 it is — the gate electrode material was made into doped polysilicon or doped metal 
silicide. The shift amount of the Fermi level by the gate electrode material and impurity addition is collectively 
shown in degree table 2. 



;0049] 
Table 1] 


Tox 


Tsi 


Toxb 




5 nm 


25 nm 


5 nm 




5 nm 


25 nm 


10 nm 



[Table 2] 






Front Gate j 


Back Gate 














N-MOSFET 


xtffcIS 


Metal Silicide 


n&J^0.2V 


PISE 




P + Poly-Si 


pflJ'sO.DV 


Metal Silicide 


nffiiK 0.15V 


P-MOSFET 




Ketal Silicide 


p&J^0.2V 






H + Poly-Si 


nfcJ-s0.6V 


Ketal Silicide 


pdy^o.i5v 



[0050] When supply voltage VDD is set to 1V, the threshold of the logical element (dual gate MOS FET) of the 
symmetry mold produced under such conditions is summarized in degree table 3, the threshold of the logical 
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element of an asymmetrical type is summarized in degree table 4, and it is shown. 
;0051] 

Table 3] 





& ft 


NMOSFET 


PMOSFET 


VthO 


Vgb = OV 


0.29V 


-0.29 V 


Vth 


Vgb = VthbO 


0.18V j 


0.18V 


Vth 


Vgb = Vthb 


0.24V 


-0.21V 


VthbO 


Vg = OV 


0.29V 


-0.29V 


Vthb 


Vg = VthO 


0.18V 


-0.18V 


Vthb 


Vg = Vth 


0.24V 


-0.21V 


[Table 4] 




& ft 


NMOSFET 


PMOSFET 


VthO 


V*b = OV 


1.08 V 


-1.08V 


Vth 


Vgb = Vdd 


0.81V 


-0.81V 


Vth 


Vgb = Vthb 


L01V 


-1.01V 


VthbO 


Vg = OV 


1.02V 


- 1.02V 


Vthb 


Vg = Vdd 


0.27V 


-0.27 V 



[0052] If NMOSFET is explained for logic actuation of the logical element of the symmetry mold shown in 
Table 3 as an example, if the low level of an input signal is set to touch-down potential 0V and high level is set 
to 0.18V, when both two input signals are low level, both a front face and a rear-face channel are turned off, 
for example. Moreover, when a low level and another side have one of high-level input signals, only the channel 
of the direction where a low level was impressed to the gate is turned on. Furthermore, only a surface channel 
is turned on when both input signals of both are high-level. Therefore, if un-flowing and one of the two also 
take high level only when both input signals of both are low level, it is flowed and, thereby, the OR gate can be 
realized. In this case, it is the initial threshold VthO at NMOSFET of Table 3. 50mV of Vth(s) at the time of 
actuation differs, and off leakage current is reduced by 0.5 or more figures. 

[0053] On the other hand, in the logical element of the asymmetrical type shown in Table 4, if the low level of 
an input signal is made to touch-down potential 0V and high level is made into supply voltage VDD (1 V) in 
NMOSFET, for example, when both two input signals are low level, both a front face and a rear-face channel 
are turned off, and when [ both ] high-level, both channels both turn on. Moreover, when a low level and 
another side have one of high-level input signals, both channels serve as as [ OFF ]. Therefore, if it flows only 
when both input signals of both are high-level, and one of the two also takes a low level, it is un-flowing and, 
thereby, the AND gate can be realized. In this case, since the initial threshold VthO and large VthbO can be 
taken, off leakage current is reduced by large width of face of 7 or more figures. 

[0054] The NOR-gate circuit shown with the circuit notation of drawing 1 1 (A) consisted of two PMOS 
transistors Mp1 and Mp2 and two NMOS transistors Mn1 and Mn2 at the former, as shown in drawing 1 1 (B). 
That is, the series connection of the PMOS transistors Mp1 and Mp2 of each other is carried out to the supply 
line of predetermined bias voltage +VB, and the NMOS transistors Mn1 and Mn2 of each other are connected 
to juxtaposition between the PMOS transistor Mp2 and touch-down potential. Common connection of the gate 
of the PMOS transistor Mp1 and the NMOS transistor Mn 1 is made, common connection of the gate of 
nothing, the PMOS transistor Mp2, and the NMOS transistor Mn 2 is made in the 1st input terminal, and the 
2nd input terminal is made. The output is taken out from the drain of the PMOS transistor Mp2. 
[0055] This operation gestalt constitutes the circuit of the same function from two elements, the dual gate 
PMOS transistor PMOS 4 ( drawing 1 (D)) and the dual gate NMOS transistor NMOS 1 ( drawing 1 (A)). That 
is, series connection of the dual gate PMOS transistor PMOS 4 of an asymmetrical type and the dual gate 
NMOS transistor NMOS 1 of a symmetrical mold is carried out between the supply line of predetermined bias 
voltage +VB, and touch-down potential, for example, common connection of the surface gate electrodes is 
made, it considers as the 1st input terminal, common connection of the rear-face gate electrodes is made, and 
it is considering as the 2nd input terminal. The output has been obtained from the connection middle point of a 
dual gate MOS transistor. 

[0056] The NAND gate circuit shown with the circuit notation of drawing 12 (A) consisted of two PMOS 
transistors Mp1 and Mp2 and two NMOS transistors Mn1 and Mn2 at the former, as shown in drawing 12 (B). 
That is, the series connection of the NMOS transistors Mn2 and Mn1 of each other is carried out to a touch- 
down potential line, and the PMOS transistors Mp1 and Mp2 of each other are connected to juxtaposition 
between the NMOS transistor Mn 1 and the supply line of predetermined bias voltage +VB. Common 
connection of the gate of the PMOS transistor Mp1 and the NMOS transistor Mn 1 is made, common 
connection of the gate of nothing, the PMOS transistor Mp2, and the NMOS transistor Mn 2 is made in the 1st 
input terminal, and the 2nd input terminal is made. The output is taken out from the drain of the NMOS 
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transistor Mn 1. 

[0057] This operation gestalt constitutes the circuit of the same function from two elements, the dual gate 
PMOS transistor PMOS 2 ( drawing 1 (B)) and the dual gate NMOS transistor NMOS 3 ( drawing 1 (O). That 
is, series connection of the dual gate PMOS transistor PMOS 2 of a symmetry mold and the dual gate NMOS 
transistor NMOS 3 of an asymmetrical type is carried out between the supply line of predetermined bias 
voltage +VB, and touch-down potential, for example, common connection of the surface gate electrodes is 
made, it considers as the 1st input terminal, common connection of the rear-face gate electrodes is made, and 
it is considering as the 2nd input terminal. The output has been obtained from the connection middle point of a 
dual gate MOS transistor. 

[0058] The logical circuit of such a configuration may be a multi-input logic gate besides an XOR gate. When 
the number of inputs is even, an element number is halved compared with the former. Moreover, when the 
number of inputs is odd, an element number is reduced by (the moiety +1) compared with the former. Circuit 
monopoly area can be mostly reduced by half compared with the former by embedding a rear-face gate 
electrode in the case of which, and considering as a type. With such an advantage, without adding modification 
to the conventional circuit engineering, reduction of the element number which constitutes a logical circuit can 
be performed, and high integration becomes possible. Moreover, reduction of off leakage current can be 
performed with an adjustable threshold property, without adding an addition circuit. 
[0059] 

[Effect of the Invention] According to the semi-conductor logical element and logical circuit concerning this 
invention, basic logic gates, such as the OR gate which consisted of two elements conventionally, or the AND 
gate, can be replaced by the single adjustable threshold element, and an element number is reduced so much. 
Moreover, circuit monopoly area is also reduced sharply and the improvement in a degree of integration of a 
logical circuit is attained easily. Since the current drive capacity of each transistor improves and off leakage 
current is reduced, the circuit property itself improves. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESC RIPTION OF DRAWINGS _ ii ___ = ^^ 

[Brief Description of the Drawings] 

[ Drawing 1 ] It is drawing showing the circuit notation of the semi-conductor logical element concerning the 
operation gestalt of this invention. 

[Drawing 2] It is the sectional view showing the structure of the semi-conductor logical element which starts 
this operation gestalt by making the logical element of an asymmetrical type into an example. 
[Drawing 3] In manufacture of a semi-conductor logical element, it is the sectional view showing the heights 
formation back of a ground substrate. 

[Drawing 4] It is the sectional view following drawing 3 showing the formation back of rear-face gate dielectric 
film. 

[Drawing 5] It is the sectional view following drawing 4 showing the formation back of a rear-face gate 
electrode. 

[Drawing 6] It is the sectional view following drawing 5 showing the flattening back of a glue line. 
[Drawing 7] It is the sectional view following drawing 6 showing the substrate lamination back. 
[Drawing 8} It is the sectional view following drawing 7 showing the polish back of a ground substrate. 
[Drawing 9] It is the sectional view following drawing 8 showing the formation back of a surface gate electrode. 

[Drawing 10] It is the sectional view of the semiconductor device which used the rear^face gate as the so- 
called bulk mold showing other examples of structure which can apply this invention. 

[Drawing 11] It is drawing showing the notation and configuration of a NOR-gate circuit of this invention with 
the configuration of a circuit conventionally. 

[Drawing 12] It is drawing showing the notation and configuration of a NAND gate circuit of this invention with 
the configuration of a circuit conventionally. 
[Description of Notations] 

1 — A dual gate MOS transistor (semi-conductor logical element), 2 — A ground substrate, 3 — Rear-face 
gate dielectric film, 4 — A silicon barrier layer (semi-conductor barrier layer), 4a, 31a — Source impurity 
range, 4b, 31b — A drain impurity range, 5 — A rear-face gate electrode, 6 — Surface gate dielectric film, 7 
[ — A glue line, 20 / — A support substrate, 30 / — A semi-conductor substrate, 31 / — A well, 32 / — An 
electrode, NMOS1, PMOS2 / — The logical element of a symmetry mold, NMOS3, PMOS4 / — The logical 
element of an asymmetrical type R1 / — Resist pattern. ] — A surface gate electrode, 10 — A ground 
substrate, 10a — Heights, 1 1 
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Mpl. Mp2<b. 2O0)y>^l/^-hNMOS h7 
>V*£Mn1, Mn 2 £ £*t"C l^fco 

y. Hr3e<D/WTX*E + VB0)«tS«lcPMOS h7 
>vZ?M P 1 fccfcl/M p 2*<5lM::ifcJ(«fttS*u P 
MOSh7>vX$Mp2ttt*tfitOWIl:, NMO 
S h7>V^Mn 1 , Mn 2 *<SlMca£5l]|Cgg!$3h, 
Tl^So PMOSh7>v^$Mp1tNMOSh7> 
yX$Mn1 <&y— h#*S}Mfi£*lTm 1 Aafflff* 
fcL. PMOSh7>vX$Mp2tNMOSh7>v 
x^Mn 2©y- Kr«*a«a**iT!R 2 Xftmtttl 

f B PMOS h7>vX$Mp 2<D KU>f >*>bffl*7b< 

s*y ajs*txi^o 

[0004] Sfc. SI 2 (B) C^fNANDy-h 
EKIi. 2 7(J)*»^-hPMOSF7>vX^M 
pi, Mp2<t. 2Q0y>W-hNMOSh7> 
vX£Mn1, Mn2t^b«J?EJ*ltl^o OSU, 
fgtfeH&lilClNMOS h7^*Mn 2j3<fctfMn 1 
*<SlM::iS$IJtSBtS*U NMOSh7>v^5Mn1i 



BffgCD/WTXma+VBOet^^CDPBlfC PMOS 
h^>vX^Mp 1 , M p 2A<5lMz££iJ|::}fi5c£*l,T 
U£> 0 PMOSF7>yX^Mp1iNMOSF7>y 
^Mn1 htfftSJg tt**LT* 1 A 

L. PMOS h7>y^Mp 2tNMOS h5>v^ 
$Mn20>y- h*<«a««**tT*2 A*«^S& 
-to NMOS ^7>yX$ Mn 1^Kl/<>^bS*^ 

[0005] tZ*>V. l^t>ti> Z^rz- TJUf— h (dual 
gate) MOSh7>yX^(0-g(i:Lt, 
Ltt»JI#«**tfcS O I (Silicon On Insulator, or. S 
emiconductor On I nsulator) H<7)J¥£ 2ffi)iSfi!ll--t*v€ ! 

[0006] ^osimL^i^mm^mm^izmm^ 

OfitteattDrJllcffAS+LTffll^&tliCtA^feSo - 
<7)i§^ 3ia^l*L#^fll*«< LT«3MElM6*l£ 

"Ct. HI 1 (B) SfcttBl 2 (B) IC^-T<l^CDv 

y. ■fcftB»©«a»is*©rt±t* * h*^*o>u — 

[0 0 0 7] 

[*W4«*LJ:5i:t5Bi] L*U C(Dtt*<DRT 
[0 0 0 8] BTSEL#l^flt*^(DgrLl>lfta 

x.. lisiHiBosR-T-a^BdatisiBBacDSfe/j^Bi)^ 

[0 0 0 9] 

tf>ST£ LTtiSfQ (OR) *r— H3»«l=»BS*i 

i(*II^tfe7t, mi AA«#**BP*iS*t4±lB 
It l V- hcDL#t^fllfectl/W2 A*«-*A<EP»S*i4 
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fill*. »*fl>y- hftAASftilWP-l/^^tfc 

[0010] 2 a>«Aiw«ft*sn*i*a*^ 

14. »ai=«\ f^*^WBtfnB©*Ti: Ltii 

fi (and) y— nsi»*i3iSffla?*ts. *"*3b%* * 

4» i e 2 y- h t **-r i^sM^ifcajR^^fc 
iMt as * « 2 AaaaWHMn * *x&±iBm 2 y— kd 

L#lMII4* *1l3J:tf*2X*Wfl)a*^/W 

2M»afc£4cfc5l::* H:£**lTI>*o »ai^ ±SfiB 
ir. ±SEB 1 y— KCD LZl^mtm 1 A*«#G>/W U 
/WM;U0)t*t, ±EBl y— KDL£IMSI4B1 
7b<mi A^ifi^cDn — u^<;KD<h#ir. ±EB 2 y— h 

©L*i^ii*2AAW^wuKuiu<, ±ia 
i 1 y— h©ttt4wu*w©/w u-<;ucD(h# 

IC, ±EB2y— HOL#lM*l*«*«ff<&1 /3BLT 

[001 i] **wa>*3 0)«j«t«**an*«ia*^ 

Si (or) y— h0Sfi:IffiJti^c Sffi 

m i fccti/m 2 y— k £ **»{*»a*^ -cfco 

T\ B 1 AA«**<BPMS*t*±EBl y— h(OL#^ 
fl|j3J:i;B2A*«#*<EPSP**t*±EB2y- h(DL 
#lMIB\ mi J3J:i;B2A»«#a> / >ft< t 

□ - <t # ir siS^»*iiSm^A<«ai ia*o 

A*j£*i£<i-^#'W £ 4 £ #C:1lt35ttE<D i 

[ooi 2] *«wa>B4 0)a.«ir«*¥#{*sts** 



(4. #^KI4. f t^^fl^pS^ITt LTliS 

m (and) y— hEiK^ic®ffl$ttSo -fk*?*>. a 
* b i as «k tfB 2 y- h t * »-r * ^sftiif^t' & 

oT. X 1 A*«WWtt* ft*±E* 1 y- L# 
^«fe«ktfK2AA«WEPttS<i4±E*2y- 
L#l^ffll4. *1 fi±i;»2A*«f ©a^n-l/^ 

(DA*){I-5t*<>W u^;uo)t#l3aK*aHMia*^*< 
3^»at35:*J:5lc % KSStitl^o »3lc. ±EB 
2y- KD«tt*<a»B2y— h<7)L£lMil£Lt 

±e» 1 y- s©L*i^itti 1 xaw©p - u 

a-u^;KDt#lc. ±EB1 y— K0L#iMil4Bi 

A*«*0)/WU^iUJ:y«<. ±E*iy-KO«tt 
*<B 1 A*fI#<D/W UK;KDfc*lC. ±EB2y— h 
©L*Ufltl4B2A*«#<Z)n — U^u*y«<. ±E 

mi y— h<D«tt*<Bi a*w©p- u*;ua>£# 

lz s ±E* 2 y- hfl) L*l^»l*t«E(D 1 / 3 J: y 

[0 0 13] WEBi fc«fctfB30«Alc««¥»#li 
SSR-^-ett. WEB1 J3*tfB2y— KDL#LMt**HI 
i:ic^^d:5(w. Sfc. 3R*(Dy— H-BPlD**L*AiJ 

«a/^9^— *4<fiej*iti^e utc7b<o 

T\ X 1 6cttf«2 y- 2 AAi LfcO Ry- US 

[0 0 14] «rEB2*5J:i;B3lcfl|4*SH*BI3HR^ 
■CI*. luEBi 6*tf«2y- ha>L#l^BO)KflsWab< 

gittLfc/£i+-c(4SR*A<siai*-r3Bi*a)y- h*<sttu 

^;KDt#<D^»a-r-B*5lc. «a/<7^— ^a^ttC 
*tLTl>4o Lfci^t, mi fccttfB2y— h*2A 

* fc . #®B#ICI4L# t ^tti<«T L T hI A A< f^3 

±L. #3ia»l-ttL#^*l3^lRl±LT*7 "J— &«3S 

[0015] *agB^i-«4iiSin8&i4. *«iz3£»**l 

fcV— T^fccki; KW>i, SBEV— KK> 
•r*ttfe*B*^Lr»«**iSlMc»R|-r&B 1 33*1/ 

B2y-ht**-r«*»(*iia****L. jle*« 
i*iis^TcD±i5B i fccfcum 2 y~ h^^ti^m-^ 
A^s^i^tsm^tirt^Se »aic. 
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[0 0 16] 

Xfccfctf KU^fVt ^^-T^TzLT^y— h (dual gat 
e) hmJ?^ h7>y^t'fc5o ^1 

(A) . (C) l:^t^ttiIffNMOS1, NM 
OS3I4. f ^^;U£DSlS^nStfel)o @1 

(b) . (d) [z^^mwmmm^PMosz, pm 

OS 414. ft^iKDSiS^pg-Cfc^o 

[00 17] ^(D5*>m 1 (A) , (B) C^t^ift 
|§$?NMOS1, PMOS 2I4I4. —-fiO?— h £ 

IS^fQ ^;Hg-f £ CD O R >f — h^1t^*r^o 
[0 0 18] ^*ii:»L. H1 (C) , (D) IC7F-T¥ 
3#iIS?NMOS2, P M O S 4 14* — JjCDf — h 

<Dtt*aMW*?*«t*Mt**U JUT, -i^ftiscoita 

t4fcftfl)ANDy-h*i*t4. 
[0 0 19] 02IC *«f»fiO)lia*^*«fc LT. 

IC SSy- K$6gl6$^LtSiy- h«S7*<» 
j£$*lTl^ e Iiy- h IS 5 J: (/I! h IS 
7 1*. tzt?Lli£-Zfh' • ?K'J ->U3>(doped polycry 
stalline silicon) SfcliK-^K • ^^^v'Jt^ K 
(doped metal s i I icide) A> b U . 3MH*Sttli 4 fc cfc 
tfy— H6«BI3. 6S^LTSlMc»|RlLri^o V 
-h-*£$iM3. 6 14. fc£*(iB*bv'J=i>*fcl*B<b 
Sttv'Ja^bSi. M^r— hSfe^S 3 (Dmmttz 
tTLltl 0 n mff/t. h*fe^K6(0Klll4fr<i: 



K.I45 nmlStfe^e 

mzmxzti* c*ti=cfcy v-^«fh«*4afej:t; 

ab^&x 2AAfi*tf?A^ any— Kta7*6*m 
[0021] gi3-@9i4. ^s^as^cos^isa 
v >j ^ > ^ i / \f ^ b * 4 1 wi« 1 ojsil, 

icftttAfrKi O0)SiJi^f>^ (fc<t^l4R I E 
(Reactive Ion Etching)) -? tlZ&^X . &T*¥^ 

SI4. f:«!:^[f2 5nmIg(!:t4o 

[0 0 2 2] l/yXhA^->Rieil 0 4 1:1*3 
INT. fctTltf. »IMtJ*l=J:oT. OCO 

H 2 : 02 = 1 : 1 . ^^g9 5 0 o CCD^(CT^t 

9 o 

[0023] n5icfcuT. tztTLit. mm?-hn& 

X-x>v l J-tM K (doped WS i X ) f150 nmf^d: 

JivTXf (tzbTLliR I E) -f So dtUCfcy. tfcffi 
BStti ocDdhfli o a±lc. 8Sy-hM!3^ 

[0024] !36icfciNr. fc£*li* K<b->ya>* 
6fc4tt»f2Stt«M»<*»LT. K®y-hmS 

flHtm 1 

[0 0 2 5] H7ICfc^T. fc^^_l4. }|fI1 1(D¥ 
a<bffi«fr 1 0$. ?ftffltLfcy'j3> 
^x/\ftf3^&«:«)3t«*4E2 0tay*tP-B:. iftffiS 
t4o C0(h^^f^Sa§l4. fc^:^l4. &XSBft*CD 
ISJpfit* 1 1 0 0^. 6 Om i nCD^mzX^O o 

[0 0 2 6] CCDJ:5lcLT^iiLfc?iy^i±SO I 
gffil^£}L. v • <7*^-< ^ > v^Cedge grind in 
g) $ 6l^ttPS««1 OOKSfiO^feW 

gi]L. (fr<t^.l4CMP (Chemical Mechanical Pol 

ishing) "TSo CMPT'14. ttBFSfitt 1 OCDdhasi O 
aPa^cSB^f— H6«B3A<aUl L7cB#.£-C. Ch^X 
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S?PSlcJ:oTSPeStel 0<D£jg?i 0 a A<51M::# 
gf£*v-So C<D#II$;h.f-£ig?1 0 adftU 

Afiu PMOS h7>'/^iNMOS h7>vXj 
t>r. H8i::;M-j:5l=. ¥##j£telf 4*<ff*j££;h. 

-So 

[0 0 2 7] E9ICfca*T. fc<fc*.l£4Mg&S14Jl4<£> 

<7*x : r>v | j-9-'f k$i 5 o n m&amn-f&o C©i 
^.i^r i e> -r-So c^ticiy, aiy-t-ftjtiei 

[0 0 2 8] *<»m*. Iiy-htifl)l7f>^ 

SASfroT. BiS(D*tttt£¥»*;S1tli4rtlc»A 
Ltz'ik. 7%mtT-— J^frot, — X • 

KU-f >5FI$®I^«4 a, 4bjf*t5. 
Lfcl*«giHb&£fc£*tf 5 0 0 nml5<!:iff8U tt 

Vth = 0S-VFB+ ; ; {gSs- 



Cox( 



-J- + -L 

Csi Coxb 



[0 0 2 9] fc'JS. OI=Br9flt£a>-0l£ 
sr*?*, Iiy-htlvWi/^Wfifc Lfe¥« 

14. ¥i($lfi3 O t p n^IJ<lfc9I^3 1 $ 
StiESSlc&l*. -t?x;U3 1 ±lcl|S3 2£*-S 
JS*S1*. SM3 2ir^ttl$^li,A*<i-§-(DSSffll-(fc 

iSlrfcl^r. V— X • KU-f >=FttftfSl*4 a. 4bf 

*»#stt»4©*ffi^6fl[*jft+*-c»*L. tutu 

[0 0 3 0] tC^>A<. :*l&*-5"^8ttlfl)Wl 

[o 0 3 1 ] o #1=. ^±^M<Dlft§m ; ?-$««t L 
1S(D7 ; 3.T;U'7-*— HMOS F E T(DL#LMiSl*, 

(i ) fcil* (2) -C-«£*i&„ 

[0 0 3 2] 

Ift1] 

(V gb + VFBb) + -^+^ } 



■ ^-VFB + - 33 3Ts ^ Toxb {0s-(V 8b+ V FBb ) + ^ + } ...(1) 

[»2] 

Vthb=0 S b-VFBb+ ^ — {0 sb -( Vg +VFB) + -^-+^- } 

Coxb(~ + ~~- ) Cox 2Csi 

Csi Cox 



-**- V "»+ 0 .333tLTtox {0sb-(V g + VFB) + -g- } (2) 



[0033] <2>s 1 0sbi^i>'j=i>jstiji 

VFBivFBb lt5/'Ja>iSSIfl)HtMfl5 7 5 
l >h/^KtE, Cox, Coxb, Csil£■?-;|^■^ 5 ;|^g®'^^-- 
^ *ffiy-h^livU3>;£tt»a>S*. Tox. T 
oxb, Tsil«<if<i*By-HMbH («ffiy— H6* 

16) . wBy-uMtm (ii^-^ti3) . ~> 



iDlE, VthirVthb ttSSfV^MOSFETta 
®f -V^JUVIOS F E T0)L#l^fit£-?-ft-f ft^-f o 
[0 0 3 4] ±ISxt (1) fcctUxC (2) frb. 81^ 

*;umos F ET<BL#lMl<&3E<b*A Vthl43fc3C 
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(3) iCckU. m.mf— hm*I^tf>S>talfEcD^fcfiA 

Vg ir^-T^gS^A'^^UMOS F ETOL^t^ltO^ 
IbgAVthb li&jt (4) (Cc^y. ^H^S^+l^o 

[0 0 3 5] 

[§fc3] 

A Vth = - ^ , AVgb (3) 



0.333Tsi + Toxb 



[S4] 

A Vthb = — 



Toxb 



0.333Tsi + Tox 



AV* 



(4) 



[0 0 3 6] *E (4) iCfclt^ L£l^tt<D^b^l4. *t 
(3) irfclti) L#^ffi(7)^^lCfcLNTS®^— h$fe 
^S^Tox<t«@y— hSfeSt^ISToxb £Atilf 

[003 7] Z*l\Z$iL. fcfciltfliSS (AND) £ 

[0 0 3 8] ftWfMKDMaS^SSt^T ANDV- h 

ffi^CDMOS F E T<D*f — h EP*n«IElC*t?' £ — ?j(DM 

OS F E T<DL£lMil(7)^lb*£s -^MOSFET 

CDy— hHl*D«5lC»-t*<fi^(DMOS F E T(DL#t N 

tt<D*ft*±y»#lC*#<r4#»tffc4. 

JR. L#L^(D»biS*t< Lfcl^iSOMOS FE 

Toy-h f&ttmv * * y * # < ss-r 4 c t t 

ft*. 1 2 C^tSil^fa?^- h MO S F E T 1 

-ei*. asay^^wtDttiReDiBWraiBift^Hiitt 

hjfeii3^j: y*< »s 

U Toxb >Toxt Lt^?)e 

[0 0 3 9] Aa«#t&/W U^U^fcSWEV 

Tox/ (0. 3 3 3 x Tsi 
= 5/(8. 3 2 5+ 1 0. 
= 0. 2 6-0. 2 8 
[0 0 4 6] HFffiLfc3£(5-2) J3 * St (5-3) 
<t. SHf -V^^MOS F E T CD L #l s fil VthlCOl^T 

^*i*toWL#^«vtho cout^ 

Vth = VthO - (0. 2 6-0. 2 

= VthO - (0. 0 5 2-0. 
VthO > (1. 06-1. 09) x 

[0 0 4 8] sue. ftft&ftAtflMtfftfialtaHR? 
=Ftt*«SEi4p^**;uffl* nft*^fii*i:5xi 



DD. a— U^USffifcHGiO Vt Ltzt £\z* 
*JUMOS F ET<0L*lMtO>3H*l4*St(5-1) fccti; 
(5-2) T'S$*l£o ^fcs gBft*WOSFET(D 
L#lMfc<Dftfrl4*a (5-3) -CS$tLi>o 

[0 0 4 0] 

»5] 

VthbO > V M -(5-1) 
Vthb = (0. 2-0. 3) V CD -(5-2) 

at Vg =V BB 
Vth > V D1> -(5-3) 
[0 0 4 1] suffix 41 0 " l4S*firr*y— h 

<DEP*nSi±jb<o vr*fe^c<t S^to fcfc. ±ESC(5- 
2) 14. aSEIB»^^i:^-^y— 9V9K0>flLAfr&« S 

[0 0 4 2] SIT. JW:»lc->Ua>*ttJi»T8i3&«2 
5nm. S® V— hSfeSKJI Toxtf 5 n m t Lfc t # 
CD. Kffi^— htt«tt«Toxb fecklfSI^^^UMO 
S F ET(D&^L£^tt<Dg^©H£3ttf)£ 0 « 
Bft^MOS FET(7)L^^ffiEfb$^0. 7- 
0. 8V<hL. mi&<DxE (4) l=j3ltft*ft*6^&«iB 
H6«««Toxb »iC (6) ©in<4 

[0 O 4 3] 
[R6] 

Toxb/(0. 3 3 3XTsi + Tox) 
= Toxb / (0. 3 3 3X2 5 + 5) 
= 0. 7 — 0. 8 
Toxb =9. 3-1 0. 7 - (6) 

(= 2 Tox) 

[0 0 4 4] CCDToxb CDfit ^ HUiZ&CD^e (3) lefclf* 
^b^dttA-f £<t. Mft^MOSFETOLt 
L^*t*<b»0)IEH*<*a (7)"(Dtt<#**. 

[0 0 4 5] 

[»7] 



+ Toxb ) 

7) -5/ (8. 3 2 5 + 9. 3) 

- (7) 

(s) 

[0 0 4 7] 
[88] 

8) x (0. 2 — 0. 3) xVDD>VQD 
O 8 4) x VDD> VDD 

VDD (8) 



(8) 
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[0 O 4 9] 



[Si ] 





Tax 


Tsi 


Toxb 




5 nm 


25 nm 


5 nm 




5 nm 


25 nm 


10 nm 



[82] 







Front Gate 


Back Gate 








ha 


N-MOSFET 




Ketal SiHcide 


nfflK0.2V 




it-aim 


P + Poly-Si 


pflKOSV 


fetal Silicide 


fl@K0.15V 


P-MOSFET 




Hetal Si licit** 








H 4 Poly-Si 


d®J^0.8V 


fetal SUictde 


p@K0.15V 



[0 0 5 o] «SWEvdd£ 1 v t Lfc*#. 5 



[O O 5 1 ] 
[S3] 





& ft 


NMOSFET 


PMOSFET 


VthO 


Vgb = ov 


0.29V 


-0.29 V 


Vth 


Vgb = VthbO 


0.18V 


-0.18V 


Vth 


Vgb = Vthb 


0.24V 


-0.21V 


VthbO 


Vg = OV 


0.29V 


-0.29V 


Vthb 


Vg = VthO 


0.18V 


-0.18V 


Vthb 


Vg = Vth 


0.24V 


-0.21V 



[a 4] 





0k ft 


NMOSFET 


PMOSFET 


VthO 


Vgb - OV 


1.08 V 


-1.08 V 


Vth 


Vgb = Vdd 


0.81V 


-0.81V 


Vth 


Vgb = Vthb 


1.01V 


-1.01V 


VthbO 


Vg = OV 


1.02 V 


- 1.02V 


Vthb 


Vg = Vdd 


0.27V 


-0.27 V 



[0052] a 3 iZTTs-m^mcommm^cDmmmi^ 

S % NMOSFETSffltLtratSt, tzt^H. 

;KDt#l*aBJ3«fei;My^^U4fc tic* 71-6. 
u^;KD<h#i4. ncn — L/-<;U35<EpjDS*ifc*(7> 

^■V*;U0)^* cFblC RA*«#3t^fc tlC/\ 
oTs SA*«#3S«i: tlCQ— U^<;KDt#©^*» 

NMOSFET-Cli, #J$jL£l>ffiVthO £»tt6#COV 
thl4 5 OmVUftiJ . *^U— i7«a*<0. 5«rlU±<5 

[0 0 5 3] -3*. S4("7F-r^^^(DliS^r* 
14. f:d:^liNMOS FE T CD±f§ o\ A^it^tf) □ — U 



v) fT-Sxt. 2oa)A*«#tft tlcn— is^jisOt 

■Jt*-etin — UK;utfc*i##at<py. -tilery 

thO , Vthb0*<*#< t*iS<0T*. *?'J— £«3S**7 

[0054JB11 (A) ©ISBE*1?*tNORy- 
hESIIi. ft3fcT?l4^1 1 (B) iz^-f 2O0 

PMOSh7>v^?Mp1, Mp2(t. 2O0NMO 
Sh7>vX^Mn1 ( M n 2 £ tlT l^c 0 

HrS0)/W7^BE+VBOttJS»lzPMOS 
tu pmos h7>v^*M P 2i}8ftfilt©Hl:, 

NMOS h7>vX^Mn 1, Mn 2 *<5lMc3£$iJ|Ctf 
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H£*lTl^<i>o PMOSF5>vX*Mp1tNMOS 
h7>yX?M n 1 h#£iIfgSE£ ftTB 1 A2» 

- fijiff££U PMOSh5>vX$Mp2iNMOSF 
^>vX£Mn 2 0^- htf#S«tt*;KTS2A** 

- ?6ftt. PMOS h9>2***Mp2<DKU-f 

[0 0 5 5] *SIJ6®ffl-Ctt. HC«teOI3»$. fi 
7;^-hPMOSh7>vX$PMOS4 (01 

(D) ) tfa7^f-HNMOSh7>vX$NMO 
S1 (Hi (A) ) a)2S^bH^Ltl^o OS 

PMOS4t^SC?)fa7;^-hNMOS h7>V 

*«m±£#iIi£ttLT*2A*M^fcL-ci**. ffl* 

[0056] 112 (A) (DEBEft^tNANDy 
— H3ttl±. &3tT'l£01 2 (B) IZTjk-t&^l-* 20 
OPMOSh7>vA^Mp1, Mp2<t. 2O0NM 
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